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As y-ray astronomy moves from the discovery phase to the exploratory
phjpo-'d, the promise of y-ray astrophysics noted by theorists in the late 1940's,,
and 1950's is beginning to be realized. In the years to come, satellites
should carry instruments which will have over an order of , ,-qagnitude greater
sensitivity than those flown thus far, and, for at least /dome portions ok'the
y-ray energy range, these detectors will also have substanti ally improved
energy and angular resolution. The information to be obtained from these
experiments should greatly enhance our knowledge of several astrophysical
phenomena Including'. the very energetic and nuclear processes associated with
compact objects, astrophysical nucleosynthesis, solar particle acceleration,
the chemical composition of the planets and other bodies of the solar system)
the structure of our galaxy, the origin and dynamic pressure effects of the
cosmic rays, high-energy particles and energetic processes in other galaxies
especially active ones, and the degree of matter-antimatter symmetry of the
universe. The y-ray res"Its of the forthcoming programs such as GAMMA-I, the
Gamma Ray Observatory, the -y-ray burst network, Solar Polar, and very-high
energy y-ray telescopes on the ground will al:_66st certai ^y provide justifi-
catlo -,for more sophisticated telescopes. These advanced instruments might be
pl1  ced '6n the Space Platform currently under study by NASA.
21. INTRODUCT12N,
This meeting has provided an excellent
 opportunity to review and summarize
the current status of Y-ray astrophysics from the lowest to the highest
observed frequencies in the y-ray region of the el"'tromagnatic spectrum. It
has come at a vary opportune time in that the results of the satellite and
,other experiments of the 1970's which have formed the foundation for thisI
field i(May now be examined baf 7a the major advances which should be
forthcoming In the 1980's with-GAMMA-x, tho planned Gamma Ray Observatory,
improved high energy ground instruments, and other experiments to be carried
oil balloons, Spacelab, and other space'vehicles. The interpretation and
undeisOeanding of the existing r+aults Is being aided by the substantial
g^theoretical work that has already been performed in this fialud . Thaorliw'
have been stimulated to examine processes involivin y-rays in astrophysics,
since these photons permit the direct study of the latg^st transfers of eneliy
occurring in astrophysical processes. These include rapidlexpansion processes,
explosions, high-energy part1cle acceleration, gravitational accretion onto
superdense objects, the fundamental processes of the building of the elements,
and even particle-antiparticle annihilation should antimatter by sufficiently
J
abundant anywhere.
Another attractive feature
largely transparent to *f -rays.
galaetl center, distant parts
centers of active galaxies, re
low-energy X-ray region, This
of y-ray astroonaly is that the Universe is
They can reach the solar system Bola the
of the Universe, and dense regions near the
dons whicIC67iii -no- t 'b^ viewed in the optical or
remarkable window extends from a few times, 1()7
eV, below which it b ,,^ins to close slowly as the energy decreases, to 1415 eV
at which poiat hey Y..'begins a one to two decade region in energy wherein y--ray
interactions with the black-body radihtion are important.
3The high *A'orgy y-ray telescopes carried on SAS-2 (e.g. Fichte! at al.
1975 and Bignami, Fichtet, Hartman, and Thompson 1979) and COS-B (e.g. mayor-
11assalwander at al. 1979 and Wills at al, 1980) took high energy y-ray
astronomy from the discovery phase to the exploratory phase providing 4
0	 general picture of,tile galactic plane in y-rays identifying sources and
general structure, the general character of the extragalactic diffuse
radiation, and the first results for ,, y-ray emission from a quasar. Solar
nuclear y-rAy lines have, been detected, by Chupp at al , (1973) from the large
solar flares of August 4 and 7, 1972 with an inattument flown on OSO-7 and
more recently with the StP' t satellite from three other flares (Chupp 1980):
Successful motAsuremonts of y-ray emissions from the Moon, Mars,- rv*qd Vanua have
baati aarried aitt 4qrina b til United State-	 C	 -spa0 0	 .	 WO AWU	 misriio^'as,
Also, in the low energy y-ray region or, the spectrum, there has been the
discovery of the low energy y-ray bursts (Klebosadel, Strong, and Olson
1973), Thi nature of these Y-ray burst sources remains a purzle. In the very
hi4h energy region of the Y--ray spectrum, ground based Carenkov light
reflector telescopes have good evidence of y-ray emission from. the Crab Nebula
pulsar 0531+21 (11olmkon, Griftdlay, and Weekes, 1.975 and Gupta of al. 1978), ('he
1986), Cygnus X-3 (Vladiminsky at al.Vela pulsar PSR 0833-45 (Bliat et al.
1975), and Cantaurius A (Grindlay at al. 1975) above-1011 eV.
These astronomical y-ray observations and the many others obtained during
the last decade, or more give us a more certain basis for considering the
possible rQSUlL$ which may be forthcoming during the 1980's and the impact
that, they may have on astrophysics than existed a decade ago when one had only
the uncertain predictions of the theorists and a few early results. Thee
synergistic nature of astrophysics strongly suggest that the anticipated -ray
results will have a majorAmpact on all of the other astronomic disciplines
4from the radio to ti►e X-ray rCa3aalm. Th s impact should be poirtimalarly strong
in view o" the unique nature of y-rays in their direct relationship to tine
high anergy processes of the Universe,
In the next section, some of tits aciieaati ,fic roturns that might bo expected
from ti►e larger imps ved Y-ray Instruments of the forthcoming decade will be
considered. This discussion will be followed by as consideration of the Y-ray
telescopes and missio ns that are anticipated during tits forthcomin4 decade and
what they may achieve.
2. 9,HK SCx `TIFI f POTENTIAL OF GAMIA RAY ASTROPHYSICS
' it pot:nntial for v r y	 Ny is high I t, 10, stue y of our a^olar^
system, our galaxy, and tha objects in it, and tite radiatioat coming f rout,
beyond our galaxy, In each case, specific areas - of   major anticipated
i	 advnatcement call be identified. However, it should also be remembered that
advances in astronomical  instruments in the past have brought unexpected
r	 discoveries. Whereas, It cannot be predicted what they will bra, ,
 It seams very
likely"thaat many surprises are ahead for y-ray astronomy both because It is as
young field and because it is so directly related to nucl6ui phenomena, high
energy last;tirle physics, and very energetic phenomena.
e
(a) Theme `sue
It has often been noted t:haF6 the proximity of the sun makes it of great
astrophysical interest because it is a star that can be studied in great
detail. One of the specific objectives of solar Y--ray astronomy Is the study
of the high energy processes that occur in the outer region of the Sun's
atmosphere and. the relationship of these pbanamena to the basic problems of
solar activity. A, measurement of the intensities of discrete y-ray line
7emissions will reveal the detailed dynamics and time structure of solar flarse
and energetic particle acceleration. Purthot, such data should yield
qualitative, and I 1 	 cases quantitative, information on the composition of
specific ambient or transient nuclides in the outer regions 
of 
the Sun' a
atmosphere.
An Import4vat aspect of the origin and evolution of the solar system is the
determination of the chemical composition of the surfacas_of tile planets,
11100116 1 comets, and astqroids• Measurements of discrete line X-ray and y-ray
emission. from condensed bodies In space cart 	 used to obtain both qualitative
and quantitative elemental compositioa information. During the Apollo 15 and
Apolla 16 flights in 1971 and 1972, approximately 20 percent of the lunar
surface was mapped for magnesium, aluminum )
 thorium, potassium, uranium,
silicon,^-,titantium, and oxygen (Manger at al. 1973; Adler at al. 1972;
Bjorkholm at al. 1973 ) . A y-ray spectrometer aboard the Soviet Mars-5 orbiter
obtained several hours of data, from an altitude of about 2300 km, indicating
that the average potassium, uranium, and thorium content of the regions
surveyed corresponds to that of terrestrial rocks like oceanic basalts (Surkov
et al. 1976). Three Soviet spacecraft, Venera .8, 9, and 10 haO carried as
y-ray spectrometer to measure -potassium, uraniuw,° and thorium, at the surfaee
of Venus by detecting thorium, decay of these naturally radioactive elements
(Surkov 19771. Direct comparisons of the results obtained from the lunar
sampW,s colleeted Burin the Apollo program show that this "chemistry at a
distance" approach leads to quite reliable results*
(b) The Galaxy
The oxistin$ knowledge oat 	 the diffuse emissj^ on and source emission
from galactic. sources suggest, that the next steps in galactic *y-ray astronomy
6may be particularly rewarding. A number of high-energy y-ray 4alactic point
sources have been established, and there have been over two-dozen localized
excesses identified by COS-$ (Wills ate. 1980). Many of the latter can
reasonably be expected to be point sources, and, therefore, instruments to be
Flown in the future with greater sensitivity and angular resolution should
reap a significant crop of y-ray ,, -.
	
By measuring their
proportion, the nature of the mechanisms 'capable of generating 1034 to over
1036 or& s-1 for sources such as FSK 0531+21, PSR ' 0832-45, and Cygnus X-3
(e.g. Kniffan at al. 1.974 ,,Bennet at al. 1977; Thompson, at al. 1977; Lamb et
al. 1977) in the form of high energy y-rays can be determined. In the next
decarla $ there should be the chance of studying neutron stars, black holo^ ,
puls4rs # and supernovao in the y--ray region where the high energy processes
associated with those objects should very likely be most clearly revealed.
The detailed study of the gamma ray pulse profile and the variation of the
gamma ray sped;, with pulse phase should contribute to the understanding of^(41
particle acdeleration and Interaction in the magnetosphere of rotating noutroti
stars.
As another example, there are now thought to be several ways that the
presence of a black liole might be revealed, and much of the predicted
radiation falls in the range of y-rays. In addition to several different
predictions of continuous y-r4diation from a black hole, there is also the
I
prediction of a very unique y-ray burst at the death of a small black hole;
some of these bursts should be detectable with a large high energy y-ray
instrument.
Further, there is the possibility based on theoretical calculations 9,f the
j
observation of y-ray lines particularly perhaps from supernovae and, Rance,
the establishment of the sit es of aucleosynthesis. Various theories have also
7predicted lines ) most commonly the half HeV lino. from al4ctron-poci t roil
annihilation, fro4l"Compact objects.	 0
Thei'high energy diffuse radiation from the galactic plane resulting from
I
the interaction of the cosmic rays with interstellar matter And photons
'provides the opportunity to study the forces of change in the-Galaxy, the
origin and expansion of the cosmic-ray gas, and the galactic structure
including galactic arms and molecular clouds. Improved angular resolution and
sensitivity compared to that which has been achieved thus far in 1paca are
required to study the spatial distribution, and better energy resolution is
needed to understand more clearly which mechanisms are dominate for the origin
of the high y-radiation. In Addition to the diffuse y-ray continuum existing
in our	 iL is possible for distinct y--ray lines to be formed in the
7InLergi4^^ctic medium. These lines may be created in several of the following
ways: (i) The interaction of low- "energy cosmic rays with both interstellar
gas and dust grains, (ii) the annihilation of positrons ) which have been
slowed down, with interstellar electrons, and (iii) the decay of nuclei which
in turn emit y-rays. These are interesting possibilities for glib  19801s.
The origin of the low energy y-ray bursts is unknown, as noted, but they
will be included here in the discussion of the Galaxy to make certain they, are
discussed and to conform, with the more conservative current theories.- In
order to solve the mystery of the nature of the low energy Y--ray bursts, their
locations must be estabUshed. With the exception of the March 5 $ 1979 event
(Barat et al. 1979;. Cline ems. 1980; tvans at al. 1980) which seems unique
in many respects, no known X-ray or ,^-ray "steady" sources are included in the
few well known positions, nor any other known example of exceptional classes
of astronomical objects, such as a pulsar or l hew supernova. It will b, , a
important to locate a large number of y-ray bursts accurately over the next
decade it progress is to be made in understanding these bursts.
8Extragalactic Radiation
Several types of galaxies such as Utseteral objeetsi Sayfart galaxies,
and quasars emit more energy by'ordeva of magnitude than our own Salaxy,or
othar galaxies similar to it. The mere existence of these very energetic
c'galaxies together with their proposed explanations seem #nevitably to suggest
very high energy phenomena, implying that y7ray astronomy should ultimately
make a very important contribution to the understanding of the nature of these
galaxies. Since y-ray astronomy has now moved below the threshold for
detection of external galaxies with the observation of NOC 4151, 3C 273, and
CEN-,k t tha next generation of experiments should provid c "n excellent
opportunity to study the high energy aspects of those extraordinary
a^&Iaxlea. Further. atr4ightfqrward calculations based on the emission from
our own galaxy show that about a half dozen normal galaxies should be
detectable with y-ray instruments an order of magnitude more sensitive than
those already flown.
1j
A diffuse celestial radiation, which is Isotropic at least on 4 coarse
scale, has been measured from the soft X-ray region to about 150 NO, at which
energy the intensity falls below that of the galactic emission for most
galactic latitudes. The spectral shape, the intensity, and the established
degree of isotropy (altho^)gh data related to this latter property Is very
limited) already place severe constraints on the possible explanations for
this -radiation, For example, these considerations make a galactic halo model
interpretation vary unlikely.
-Among thd extragalactic theories for this radiation, the more promising
explanations appear to be radiation from exceptional galaxies (e.g., Strong,
Wolfendale, and Worrall 1976; Ugnami, Fichtel, Hartman, and Thompson 1979) or
the y-ray emission (Stacker, Morgan, Bredekamp 1971; Stacker 1978) from
matter-antimattar annihilation at the boundaries of superclusters of galaxies
matter And antimatter, In baryoa ­symmetric^^ia-baas 004014 ("OrOisoa 1967;
Onnias 1969; Brown and Stocker 1979). Definitive measurements whicicould
clearly distinguish between those two thoorioa are of major scientific
interest. The measurements on the diffuse fir- eradiation may, for example, be
the only way to determine it 
the Univ4rse has baryon-antibAryon symmetry,
3, THE MISSION PROSPECTS FOR TUE 19801S
A significant portion of the hopes for y-rixy astronomy in the 1960's Are
tied to the Gamma My ObservZtory proposed by NASA for on FY81 now start,
Other satellite missions devoted to y-ray astronomy or carrying I-ray
fi
instrumonta include GAMMA-1, ) 'the pair of Solar Polar satellites ) the V, `ora
series, possible planetary And cometary missions, other satellites carrying
burst detectors, and possibly an	 "cad solar observatory and the Spaca
Platform later in the decade, It is also hoped that there will be 'improved
ground level telescopes for the very high energy y-rays.
(a) GAMMA I
The next y-ray satellite expected to fly is GAJ,1MA 1, which Is as joint
effort of four Soviet and two French laboratories and is to be launched in the
early 1980's on a Soviet satellite. It is similar to SAS-2 and COS--8 in the
sense that its Central element is A multilayer spark chamber system, triggered
by as directional counter telescope, and surrounded on the upper end by an
anticoiacidence system. The sensitive area is about 1600 cant or about 2 2/3
times SAS-2 or COS--!R; ithe area solid angle factor is about the same because.
the viewing angle is smaller. It has an anergy-measuring calorimeter whicli
should be able to measure energies with significantly better accuracyItban the
10
snerSy-measuring element on COS-$ * The y-ray arrival direction will also be
mea'iurad with greater accuracy. The upper op&vk 11004r P item , is a twelve-
level wide gap Vidicon system, The directionality of the elections io
dotarmined by a time-of-flight system rather than a dir,^ttional Cerankov
counter. The time-of-flight system approach to the directional measurement,
which will also be used in the high-energy y-ray tai"cope to be flown on the
ORO ) has proved to be an order of magnitude more efficient in rejecting
undesired event# than the previously)usad directional Carankov systems.
Because of the space,) *^ulrad, it could not have been incorporated in tit*
earlier missions; even if tile low power spaceflight quality electronics hadI
boon. developed.
Tile Improved sons it Ivi	 y-ray directional accuracy should allow
batter definition of the cha not risties of the galactic plane and provide
r
better position information on uy or most of the-- 107lized 0=488d$ 41VO44Y
observed, as well ad possib y along to the number afd6bserved extra'44lactic
(b Gamma Ray Observator
The Gamma Ray Observatory is a mission planned by NASA for a new start in
1981 0 if approved, and a launch in the mid-1980's. There would be several
large y-ray experiments which together would study six decades of energy
ranging from 0.03 XeV to 3X104 t1eV, with a major increase In sensitivity over
previous satellite experiments. The scientific goals of this mission can be
summarized as follows:
A study of the dynamic, evolutionary forc+ , s in compact objects such
-as neutron stars and black holes, as well as y-ray emitting objects
whose nature is yet to be understood,
ii. A search for evidence of nucleosynthesis - the fundamental building
process in nature - particularly in the environment of supernovae.
iii, The exploration of our galaxy in the y-ray range particularly with
ra,gard 'ta regions difficult to observe at other wAvelengtha, the
origin », id dynamic pressure effects of the cosmic rays, and
l	 structural features particularly related to high-energy particles.
iv. The study of the nature of other galaxigq ln the high-energy realm
and especially the extraordinary ones sutih as radio galaxies,
Seyfert galaxies, and QSOI A
V#	 The study of cosmological effects throe i i the detailed examination
of the diffuse radiation and the searcir ,for primordial black hole
emission.
These scientific goals ,,necessarily require a, s pat of large individual
experiments since several instruments are required to cover the entire energy
range and all must have a significant increase in Baize over°earliar satellite
experiments to achieve the desired increase in sensitivity, It is advanta-
geous to combine the required instruments into one mission not only because
tray place similar requirements on a spacecraft,, but also because of the very
,great scientific value of studying the entire spectrum of any object at the
same time to examine in detail the nature of time variations.
The combined compliment of instruments to be incorporated into the Lemma
Ray Observatory is expected to have the capability to carry out the following:
I,
	
A survey of high energy Y-ray sources and diffuse emission with a
point-source sensitivity of 1.0 -7 photon cm 2 sec-1 or better,
angular resolution of about 0.1° for strong sources, and energy
resolution around 15 9 at energies above "102 MeV.
ii. A survey of Y-vay sources and diffuse emission with sensitivities
,around 10" photon cm'" sec-1 and energy resolution around 10
present at energies between 0.1 and 30 MeV.
iii. Detection and identification of nuclear gamma lanes with an energy
resolution of <0.4 percent and sensitivity of the order of.5xl0'
photon cm-2 see-1 . The initial subjects of observation will be the
Interstellar medium and supernova shells.
iv. Observations of Y-ray bursts, including studies of their spectral	 ►
and temporal behavior.
t
The technology to LuIld the appropriate instruments exists, and a set of
instruments has already been selected for the study phase by NASA.
hL _ .. d... ^.o-1a,a ..n^a...tL..ao...'^asmx-_e^i^'D+[9ra a.aY r ya _	 .may.__,_
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Although the specific spacecraft for the GRQ has not yet been selected)
its capabilitio p are dictated by the mission scientific requirement#, The
spacecraft must be cap4bli of accommodating approximately 6500 kilograms of
instruments and must supply about 400 watts of experiment power. The 32
kilobit data rate will be supported through NASA's Tracking and Data Relay
Satellite System. Celestial pointing to any location on the sky will be
maintained to an accurecy of 0.5 *
 with the knowledge of the pointing direction
determined to an accuracy of two arc minutes. Absolute time will be accurate
to 0.1 milliseconds. The attitude and timing data together with orbital
position will be encoded into the telemetry data,
(c) 
-
Gamma gay Bqrst_..Dtectora
The two Solar Polar mission; of ESA and NASA to be launched in the mid-
1980's when combined with. the satellites close to the Earth, including GROO
will provide a powerful long baseline network for the accurate location of the
low energy y-ray bursts. The Venera ser`,, m and possible planetary, cometary,
or astrold satellites can contribute to this network in an imporLant way# The
long baselines available In this network together with the already existing
accurate Vii-ning should provide substantially improved„ position determinations*
which should clearly identify the objects froth `which these ` bursts came if they
are in fact clearly seen at other wavalangths.
In addition to the excellent positional determination to be obtained by
this network, the presently planned GRO burst detector will be able to obser,
time -Ariations down t­o"O,l ma for strong sources and to detect spectral
variations on relatively short titae scales, These observations will allow tl
study of models of emission mechanisms and source geometry in detail, For
example $ models based,on radioactive decay, cooling of a hot plasma, and
synchrotron emission foll9wing sudden injections of relativistic electrons
13
c^
into a str^,ng magnetic field would each predict different spectral variations
during a burst. The GRO instrument will also contribute in another way. The
detectors on interplanetary spacecraft are, of necessity, small and relatively
insensitive. As a result, only the strongest bursts can be located by the
network being discussed. However, numerous additional; bursts that are Coo
weak to be detected by the interplanetary network will be detectable with the
large area monitors aboard GRO. Their position's may be determined to about
one degree or better by comparing the responses of individual detectors
pointed in different direct,tons. The detection of hundreds of Y-ray bursts in
the two year lifetime of GRO will allow an accurate determination of the
distribution of these sources.
tw
(d; so1af' Sysbew, Studies
Although several solar, planetary, and cometary mis' l ions have been
discussed, the two Solar Polar satellites are currently the only ones approved
in the NASA and ESA programs beyond those already in space. Each will carry a
scintillation detector to measure the time history of solar •y-tfays and four-
channel energy resolution in the range from 15 to 150 keV. The energy
spectral information_,ill be obtained every 12 seconds. The results should
aid markedly in the study of the fundamental nature of the acceleration,
storage, and escape processes of energetic electrons in solar flares. In
addi 4on;_phe possibility of an,Advanced,Solar Observatory is being
COO idered, \and it would hopefully include a discrete I-ray line detector,
which would augment the results curren"y coming from the Solar Maximum
Mission.
t
r;
(e) Very High Energies
As mentioned earlier, at extremely high energies (above about 10 5 MeV),
photons can`be detected by instruments at sea level which record the Cerenkov
1	 ^^
14
light produced in the atmosphere from a series of interactions initiated by a
single incident y ray. These telescopes are able to scan a.
-
tagion of the sky
where a source Is suspected, and make art 	 to dotecE a 4ceational
anisotropy among the air showers which is statisticially significant, Several
techniques have been uoad to enhance the sensitivity primarily by Improving
the signal to noise ratIO (Porter and Weeks 1977)w and others may be
implemented in the future at 4 relatively modest cost. A technique Using two
parallel large reflectors, each equipped with multiple detector channel$ to
provide two images of the shower in Corankov light, appears to be one of the0
more promising approaches for the future (Weekes and Turver 1977).
The search for additional ver)l' high energy y-ray hioorcaa and the
measurement of their properties including the time history and, at least some
spectral Information is of fundamental importance in understanding the
processes in, nature which can lead to 1011 eV Y rays. Their mere existence
has been a surprise to some, as trophy$ leis t a.
(f) Space Plntf orm
Current NASA concepts for the Space Platform envision free-fiyiag
structures, designed for lifetimes of at least a decade, consisting of a
central module (containing control-momant gyroscopes and communications
equipment) attached to a substantial solar-power unit. Appropriate docking
fixtures would permit the simple attachment of as number of pallets
functionally similar to, if not identical to *
 those used for Spacolab
experiments. Platform extension arms would, be used to reduce interference
between experiments, most of which would carry their own pointing systems for
the requisite precision. Shuttle flights, most scheduled for other reasons,
15
would be able to visit the platform several times it year ^q reprovision
expendable mdtar14lS, provide repair or,.,)raplacameat of ,, experimental hardware,
and boost the platform to higher orbit as necessary. Typically A large
instrument could be brought to the space platform, operate there for the order
of six months ) and then be retrieved,
Whereas this program is not approved, being only In the study phase,
there clearly exist areas of space astr6nomy with requirements for Long, low-
cost exposures of large payloads for which accessibility for replenishment of
expendable Materials, repair or replacement of components, and return to Huicth
for reconfiguration, is very desirable ,if not required, Gamma ray astronomy
will be among these areas of space astronomy l ,
" 
With the y-ray sky surveyed in
some depth wLtb the GRO, for example, it will be possible to coocentrate on
tj'p detailed features of discrete sources and to study carefully limited
regions such as clouds, galactic arms, and nearby galaxies. The character of
the expansion forces, high-energy processes, aucleosyathesis, and cosmic
relativistic particles should then- be revealed in fine detail, The full
solution of 0 problems related to galactic dynamics, compact objects,
supernovae, and the nature of radio galaxies quasars, and other truly
exceptional objects will be accomplished by combining these unique 'Y-ray
antroaOlAy results with 'information from other wavelengths.
Thus subsequent to the GRO t a very large high-energy telescope will be
needed that will conceatrate for long periods of timn can particular sources
and liaLLod regions of the sky of special interest. This is necessary to
accuiiulate the statistical volume of data reqtUred to resolve spatial and
spectral features of the sources in great detail and to study temporal
variations coatinuously over periods adequate to decipher complex dynamic
beha v i or, A large high-resolution nuclear V-ray spectrometer Will also he
16
roquirad 'for in-depth study of the y-ray lines from such processes as
radioactivity in supernova remnants ) p9aitroo, annihilation in the galactic
disk or extragalactic laturactioub, lower-energy* cosmic rays passing through
dense Iliattor, and nuelaosynthesis in violent events in distant galaxies, '111
view of the major potential of y-ray astrot7 vvl. for contributions to as wide
roogo of aaLrophysical problems and the 	 for avail more uonsitv,##
laaLro ►ilents or improved &"Solar and onsr4y resolution, the davalop ►viont of now
improved doCtic.tor systems should ho as key parL of that y-ray astronomy
program over the next decade,
4, SUMIARY
coiesant y-riiys have oow been seati from the oun, the moon and planets)
eompact objeeta, Lho interstellar medium, and active galuxl,04, Also dOLO(^tOd
has bee" as diftuse radiation of possible extoptloaal Cosmological
low (4110r1jr Y-rdy bursts of unknown origins and a hi^h ollergy Y-
rAy ao""o with no obvious eouaterparL at oLlWr WhV0l*n8th5- $Lill y-ray
ASLronomy Is as young, avowi"a scienteo, and the poLontLil for rundament4l
eoatribuLiano to astronomy and astrophysics in tho tats rutOrO 1$ very
largo. With the study of eosmle y-vaya, the foreou of change, the fOrmative
pro%^ess in the Galaxy and interstellar clouds, rapid expansion proceduat'll
0Xplog iolig , the largest energy transfers, very hiSh eoergy particle
And OVOil the fURdWAMiLtAl proic-ess of the CrOdLioft Of 010 ►1101114 Art
all %liret^tly examined, If the mission opportunities that have boon dtsoussed
hora Como into boing ) the results 
that 
will be obtained, p4rti4eularly in
	 4
Qombination with those from other areas or, ast,ronom ► , will pro.,', do an entirely
►ow look at our solar system, the GalAxy, #nd the Universo i giving much better
insight 10ti ► their oreation Atid ovolutio ► than is currently available.
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